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FOREWORD 


This  is  the  second  appendix  to  one  of  a series  of  reports  on  founda- 
tion and  soil  mechanics  features  of  recently  completed  flood-control  and 
navigation  structures  in  the  U.  S.  Army  Engineer  Division,  Iiower  Missis- 
sippi Valley,  Coi-ps  of  Engineers.  These  studies  are  being  conducted  for 
the  Engineering  Division  of  the  Mississippi  River  Commission  (MRC),  Coi-ps 
of  Engineers,  by  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES) 

The  overbank  structure  for  Old  River  Control  was  designed  by  MRC  and 
built  under  the  supervision  of  the  U.  S.  A^-ny  Engineer  District,  New 
Orleans  (nOD).  La.  Geological  studies,  foundation  investigations,  and  soil 
design  studies  were  made  by  WES.  Engineering  measurement  devices  were  in- 
stalled and  observations  were  made  by  NOD.  Details  of  the  above-listed 
studies  are  given  in  the  basic  report.  A description  and  analysis  of  pump- 
ing tests  and  well  cleaning  operations  on  relief  wells  during  May  and  June 
1966  are  presented  in  Appendix  A,  published  in  January  I968. 

This  appendix  presents  a description  of  well  cleaning  operations  and 
pumping  tests  conducted  in  1969  at  the  overbank  structure.  The  well  pump- 
ing test  data  are  analyzed  to  compare  the  yields  of  the  puu^)- tested  wells 
with  the  yields  obtained  after  installation. 

The  1969  pumping  tests  were  conducted  under  the  supervision  of 
Mr.  A.  L.  Mathews  (retired),  and  the  borehole  TV  cjLraera  photographs  were 
obtained  under  the  supervision  of  Mr.  J.  L.  Gatz.  The  data  were  analyzed 
and  this  appendix  was  prepared  by  Messrs.  C.  C.  Trahan  and  R.  L.  Montgomery 
under  the  direction  of  Messrs.  J.  P.  Sale,  W.  C.  Sherman,  and  C.  L. 

McAnear,  Soils  Division.  WES. 

COL  Levi  A.  Brown,  CE,  and  COL  Ernest  D.  Peixotto,  CE,  were  Directors 
of  the  WES  during  the  conduct  of  this  investigation  and  preparation  of  this 
report.  Mr.  F.  R.  Brown  was  Technical  Director. 
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CONVERSION  FACTORS,  BRITISH  TO  MITI’RIC  UNITS  OF  MEASUREMENT 
British  units  of  measurement  used  in  this  report  can  be  converted  to  metric 


lits  as  follows: 


Multiply 


inches 


B21  i 


miles  (U.  S.  statute) 
pints  (U.  S.  liquid) 
pounds 

pounds  per  square  foot 

pounds  per  cubic  foot 

gallons  (U.  S.  liquid)  per  minute 


2.54 

0.3048 

1.609344 

0.473179 

0.415359237 

4.88243 

16.018s 

3.785412 


To  Obtain 

centimeters 
meters 
kilometers 
cubic  decimeters 
kilograms 

kilograms  per  square  meter 

kilograms  per  cubic  meter 

cubic  decimeters  per 
minute 


This  appendix  is  the  second  in  a series  presenting  the  results  of 
tests  performed  at  intervals  of  several  years  on  the  relief  wells  at  the 
overbank  structure,  Old  River  Control,  near  Natchez,  Miss.  The  tests  re- 
ported herein  were  performed  in  19^9  and  1970  by  the  U.  S,  Army  Engineer 
Waterways  Experiment  Station  (WES)  and  included  well  piimping  tests,  analy- 
sis of  well  water  samples,  inspection  of  well  screens  with  a borehole  TV 
camera,  and  well  sounding  and  cleaning  operations.  These  tests  were  con- 
ducted to  determine  the  decrease  in  efficiency  of  the  relief  wells  since 
the  latest  pumping  tests  were  conducted  (I966)  and  since  installation  of 
the  wells  in  1957.  Renovation  attempts  on  four  of  the  wells  using  chemical 
treatments  and  surging  wei'e  not  effective, 

A borehole  TV  camera  was  used  to  inspect  several  of  the  well  screens 
prior  to  and  after  pximping  and  cleaning  operations.  Generally,  the  well 
screens  appeared  to  be  in  excellent  condition  before  pumping  and  cleaning. 
Vei’y  little  sand  or  gravel  was  found  in  the  slots  of  the  screens  except  in 
well  11.  where  the  screen  was  about  50  percent  clogged  with  filter  material. 
There  were  no  noticeable  chemical  or  biological  deposits  on  the  interiors 
of  the  screens. 

Chemical  analyses  of  the  water  san5)les  indicated  that  conditions  are 
favorable  for  the  buildup  of  incrustation  in  the  wells.  Also,  it  is  quite 
possible  that  iron  bacteria  exist  in  the  wells,  as  all  the  water  sawiples 
contained  relatively  large  amoxmts  of  iron.  Although  the  water  in  the 
wells  is  somewhat  corrosive,  this  condition  is  not  considered  an  adverse 
factor  for  the  wooden  well  screens. 

Initial  1969-70  pumping  tests  on  the  wells  indicated  an  average  spe- 
cific yield  of  33  percent  of  the  original  yield.  After  cleaning  by  surg- 
ing, the  specific  yield  increased  to  an  average  of  50  percent  of  the  orig- 
inal yield.  The  rate  of  sand  infiltration  during  pumping  was  insignificant. 

The  effectiveness  of  the  relief  well  system  in  reducing  uplift  pres- 
sures was  computed  using  factors  of  safety  with  respect  to  uplift  and  tak- 
ing into  account  the  measured  head  loss  through  well  filters  and  screens. 

The  computed  factor  of  safety  was  1.9  before  cleaning  and  2.4  after  clean- 
ing. These  values  are  about  the  same  as  those  computed  after  the  wells 
were  cleaned  in  I966.  In  the  original  design,  the  computed  factor  of 
safety  at  the  ends  of  the  well  syst.em  was  3.3.  Initially,  WES  reviewed  the 
soils  and  foundation  design  studies  for  the  overbank  structure  and 
evaluated  observations  made  during  and  after  construction.  The  review  was 
published  in  the  basic  report,  which  contains  a detailed  description  of  the 
structure,  foundation  conditions,  and  relief  well  system. 
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SUMMARY 


REVIEW  OF  SOILS  DESIGN,  CONSTRUCTION 
AND  PERFORMANCE  OBSERVATIONS 
OVERBANK  STRUCTURE.  OLD  RIVER  CONTROL 

APPENDIX  B:  PUMPING  TESTS  AND  WELL  CLEANING  OPERATIONS,  I969-7O 

PART  I:  INTRODUCTION 

Description  of  Structure 


I 1.  The  overbank  structure,  located  on  the  west  bank  of  the  Mis- 

I sissippi  River  approximately  35  miles*  south  of  Natchez,  Miss.,  is  a rein- 
forced concrete  spillway  with  hinged  timber-gate  panels  for  control  of 
flood  flows.  It  is  a major  element  in  the  plan  for  Old  River  Control.  The 
stinicture  has  a gross  length  of  3356  ft  and  contains  73  bays,  each 

having  a U4-ft  clear  opening  between  2-ft- thick  bridge  piers.  The  basic 
report**  contains  a detailed  description  of  the  structure,  foundation  con- 
ditions, and  relief  well  system. 

Relief  Wells 

2.  Pressure  relief  wells  were  installed  behind  the  overbank  stiiic- 
ture  during  the  period  April  to  August  1957  to  reduce  hydrostatic  pressures 
in  the  sands  beneath  the  structure  during  high  water  periods.  The  well 
system  was  designed  so  that  a minimum  factor  of  safety  of  at  least  1.5 
against  uplift  would  be  realized  beneath  or  immediately  downstream  of  the 
stilling  basin  during  periods  of  high  water.  In  the  design  of  the  system, 
there  was  assiuned  to  be  (a)  an  effective  source  of  seepage  entry  1500  ft 

* A table  of  factors  for  converting  British  units  of  measurement  to 
metric  units  is  presented  on  page  ix. 

**  U.  S.  Army  Engineer  Wateivays  Experiment  Station,  CE,  "Review  of  Soils 
1 D'^sign,  Construction,  and  Performance  Observations,  Overbank  Structure, 
Old  River  Control,"  Technical  Report  No.  3-6^2,  Feb  196*+,  Vicksburg, 

Miss . 
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riv0i'wsrd.  of  the  Lin©  of  wgLLs  sind.  (L^)  nn  inlinito  LGHgti)  of  impsrvious 
topstratm  landward  of  the  structure. 

Design 

3.  The  wells  were  designed  to  penetrate  approximately  50  percent  of 
the  aquifer.  Nineteen  wells  spaced  on  l8U-ft  centers  were  required.  The 
computed  factors  of  safety  with  respect  to  uplift  wei'e  4.8  and  3.3  at  the 
center  and  ends  of  the  well  system,  respectively.  The  well  system  was  de- 
signed to  provide  factors  of  safety  well  in  excess  of  I.5,  as  it  was  con- 
sidered that  some  decrease  in  well  efficiency  would  occur  with  time,  and  it 
would  be  difficult  to  install  additional  wells  at  a later  date.  Tlie  total 
flow  from  the  relief  wells  was  estimated  to  be  about  7.3  gpfJi  f't  of  net 

head  on  the  well  system  or  I50  gpm  per  well  for  a project  flood  stage,  as- 

-4 

suming  the  permeability  of  the  foundation  sands  to  be  500  x 10  cm  per  sec. 

4.  The  wells  consist  of  8-in. -ID  wood  well  screens  (with  l/8-in. 
slots)  and  8-in. -ID  wood  riser  pipes.  The  risers  discharge  through  the 
downstream  baffle  blocks.  The  well  outlets  are  provided  with  check  valves 
to  prevent  backflow  of  muddy  water  into  the  wells.  Details  of  the  well  and 
the  specified  gradation  of  the  filter  gravel  around  the  screen  are  pre- 
sented in  the  basic  report. 

Installation 

5.  Since  the  permeability  of  the  aquifer  was  found  to  increase  with 
depth,  the  wells  were  installed  to  penetrate  about  60  percent  of  the  actual 
depth  of  the  aquifer  to  achieve  an  effective  penetration  of  50  percent. 

The  nominal  length  of  the  screen  sections  varied  from  56  to  64  ft.  except 
for  wells  16  through  19,  which  had  nominal  lengths  varying  from  76  to 

104  ft.  The  latter  wells  are  located  between  sta  38  and  sta  44,  where  the 
base  of  the  aquifer  (Tertiary  deposits)  is  as  much  as  80  ft  deeper  than 
elsewhere.  Installation  and  initial  pumping  test  data  for  the  relief  wells 
are  shown  in  table  Bl. 

Purpose  of  Pumping  Tests 

6.  The  overbank  structure  has  not  been  subjected  to  a significant 
head  since  its  completion;  consequently,  the  wells  have  not  flowed  and 
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their  effectiveness  under  operating  conditions  has  not  teen  demonstrated. 
Recommendations  were  made  in  the  basic  report  that  puiaping  tests  be  con- 
ducted period’ calLy  on  selected  wells  to  delei'mine  if  the  wells  had  de- 
creased in  efficiency  since  their  installation.  In  May  19^5^  pumping  tests 
were  conducted  by  the  U.  S.  Army  Engineer  District  , flew  Orleans  (liOD),  on 
wells  1,  4,  8,  10,  12,  15,  and  18.  Results  of  the  tests  indicated  that  the 
efficiency  of  these  wells  had  decreased  considerably  since  their  installa- 
tion; their  specific  yields  were  from  5 to  59  percent  of  their  original 
specific  yields.  Consequently,  in  May  and  June  I966,  personnel  of  the 
U.  S.  Army  Engineer  V/aterways  Experiment  Station  (R'ES)  pujnj)- tested  and 
cleaned  all  wells  by  surging.  Results  presented  in  Appendix  A**  indicated 
that  the  specific  yields  of  the  wells  before  they  were  cleaned  varied  from 
0 to  71  percent  of  the  original  specific  yields  and  averaged  about  34  per- 
cent. Af*er  the  wells  had  been  cleaned,  their  specific  yields  varied  from 
6 to  87  percent  of  their  original  specific  yields  and  averaged  47  percent. 

7.  In  July  1969  tind  April  19'^0,  '.■/ES  again  pimp- tested  and  cleaned 
all  wells  by  surging.  Four  of  the  wells  were  also  cleaned  with  different 
cleaning  agents,  and  samples  were  obtained  from  selected  w'ells  for  chemical 
analyses.  Results  of  the  pumicing  and  cleaning  ope?\at  ions  and  chemical 
analyses  are  presented  in  this  appendix. 


* U.  S.  Army  Engineer  Waterways  Experiment  Station,  CE,  "Review  of  Soils 

Design,  Construction,  and  Performance  Observations,  Overbank  Structure, 
Old  River  Control,  Appendix  A:  Pumping  Tests  and  Well  Cleaning  Opera- 
tions, 1966,"  Technical  Report  No.  3-b42,  Jan  1968,  Vicksburg,  Miss. 
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PART  II:  ANALYSES  OF  WATER  SAMPLES 

Method  of  Sampling 

8.  Water  sairples  were  obtained  from  wells  3,  6,  12,  and  17  before 
well  pumping  tests  were  conducted.  Representative  water  samples  were  ob- 
tained from  one-quarter,  one-half,  and  three-quarter  depths  and  at  the  bot- 
tom of  each  well.  These  samples  were  designated  as  samples  A,  B,  C,  and  D, 
respectively.  The  water  sampler  used  for  collecting  the  sanqjles  was  devel- 
oped at  WES  and  is  shown  in  fig.  Bl.  The  san^jler  consisted  of  a 2- ft- long 
by  4-in.-0D  Plexiglas  cylinder.  A 4-in. -long  by  3-l/2-in.-diam  plastic 
piston  mounted  with  two  0- rings,  which  formed  an  effective  seal  while  the 
piston  was  in  motion,  rode  inside  the  cylinder.  An  air  hose  was  attached 
to  the  top  portion  of  the  cylinder,  and  a spring  release  valve  and  a draw 
valve  were  attached  to  the  bottom  of  the  cylinder.  An  iron  weight  was  at- 
t^ached  to  the  bottom  of  the  sampler  to  provide  sufficient  ballast  to 
counteract  the  buoyancy  of  the  san^iles.  To  obtain  a water  sample,  a posi- 
tive pressure  was  applied  by  a hand  pump  to  the  piston,  driving  it  to  the 
bottom  of  the  san^sler.  This  pressure,  which  was  slightly  greater  than  the 
hydrostatic  pressure  at  the  point  at  which  the  water  sample  was  to  be 
taken,  was  maintained  while  the  sampler  was  lowered,  by  hand,  to  the  de- 
sired depth.  The  positive  pressure  was  then  released,  allowing  water  to 
enter  the  sampler.  In  a few  instances,  a vacuum  was  applied  to  the  piston 
to  overcome  the  friction  between  the  piston  and  the  inside  walls  of  the  cyl- 
inder. The  sampler  was  then  raised,  by  hand,  out  of  the  well.  A smal 1 - 
diameter,  l8-in.-long,  clear,  flexible-rubber  tube  was  attached  to  the 
drain  valve;  the  tube  was  then  placed  at  the  bottom  of  a 1-1  iter,  clear- 
plastic  sample  container,  the  drain  valve  opened,  and  a small  positive 
pressure  reapplied  to  the  top  of  the  piston  to  force  the  Avater  out  of  the 
sampler  into  the  sample  container.  Each  sample  was  identified  and  prepared 
for  shipment  to  WFS  for  testing.  S 

I 

Field  Analyses  M 

9-  During  the  water  sart^iling  operations,  observations  were  made  as  | 
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to  the  color,  clarity,  and  odor  of  each  san^jle.  Generally,  a blackish 
tint,  caused  by  the  presence  of  brovmish-black  particles  suspended  in  the 
water,  was  roted  in  the  samples.  All  the  samples  had  a slight  odor  of  the 
creosote  used  in  treating  the  wood  well  screens  prior  to  installation. 

Each  sample  was  tested  in  the  field  for  hydrogen  ion  concentration  (pH)  and 
dissolved  ox>'gen  (O2)  . These  tests  were  made  in  the  field  to  obtain  values 
that  represented  the  true  chemical  character  of  the  groundwater.  The  pH 
was  determined  using  a color  disk  and  pH  indicator.  A dissolved  oxygen 
meter  was  used  to  make  field  determinations  of  0^  content  of  the  water 
samples . 

Laboratory  Analyses 

10.  Chemical  tests  wore  made  on  I6  water  samples  from  the  selected 
depths  in  relief  wells  3,  12,  and  17.  Total  solids  and  alkalinity  were 

deter.mined  on  the  saj;:ples  as  received.  Calcium,  magnesium.,  iron,  and  nan- 
ganese  contents  were  determined  on  portions  of  the  original  water  samples, 
which  were  first  treated  with  hydrochloric  acid  and  boiled  to  dissolve  all 
acid-soluble  natter  and  then  filtered.  Certain  silicates,  silts,  and  or- 
ganic .matter  were  not  dissolved  by  this  treatment.  The  soluble  silica 
(Si02)  content  was  determined  on  the  filtered  as-received  water  samples . 


Results 

11.  The  results  of  field  determinations  and  chemical  analyses  are 
given  in  table  B2.  The  total  solids  increased  significantly  with  depth  in 
each  well  except  well  12. 

12.  The  pH  values  of  the  well  san^jles  were  generally  slightly  acid, 
with  values  ranging  from  6.4  to  7*1-  There  was  no  significant  variation  of 
these  values  with  depth,  although  the  samples  from  the  shallow  depths  had 
the  highest  pH  values  in  each  case.  The  alkalinity,  reported  both  in  parts 
per  million  (ppm)  as  CaCO^  and  in  equivalents  per  million  (epm),  generally 
increased  with  depth. 

13.  The  epm  hardness  values,  which  were  calculated  based  on  the 
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T'Sitiperatures  exceeded  raiU'e  of  calibration  chart  for  the  dissolved  oxygen  meter.  The  values  shown  were  extrapolated. 


calcium  and  magnesium  determinations,  indicated  that  the  water  in  the  wells 
was  moderately  hard  to  hard.  Hardness  generally  increased  with  depth.  Ap- 
preciable amounts  of  calcium  and  magnesium  were  found  in  all  the  water 
san^jles . 

14.  The  chemical  analyses  made  on  water  samples  in  I966  and  I969  in- 
dicated significant  amounts  of  iron  in  the  wells.  The  quantities  shown  in 
table  B2  represent  total  soluble  iron  in  the  water.  This  includes  ferrous 
and  feri-ic  iron.  With  the  exception  of  well  3j  iron  content  in  the  wells 
increased  with  depth. 


PART  III:  INSPECTION  AND  SOUNDING  OF  WELLS 


Inspection  of  Well  Outlets  and  Check  Valves 


15.  The  well  cutlet  and  check  valve  of  each  well  were  inspected  be- 
fore pumping  and  cleaning  operations  were  performed  on  the  wells.  The  out- 
lets were  all  found  to  be  in  good  condition.  The  clieck  valves  also  were  in 
good  working  condition;  the  laibber  gaskets  showed  no  signs  of  deterioration 


Sounding  of  Wells 


16.  Prior  to  testing,  each  well  was  sounded  to  determine  the  amount 
of  sediment  in  the  well.  The  sounding  was  made  by  measuring  the  distance 
from  the  top  of  the  riser  in  the  baffle  block  to  the  top  of  the  sediment  in 
the  well  using  a steel  tape  attaclied  to  a sounding  weight.  After  the  ini- 
tial sounding  was  made,  the  depth  of  the  well  was  carefully  measured  with 
drill  rods.  A wood  auger  was  attached  to  the  bottom  of  the  drill  rods,  and 
the  rods  were  rotated  until  the  auger  penetrated  the  sediment  in  the  well 
and  reached  the  wooden  plug  forming  the  bottom  of  the  well.  The  well  was 
sounded  with  a weighted  tape  before  and  after  surging  to  determine  the 
amount  of  material  entering  the  well.  A final  sounding  was  made  after 
cleaning  and  pumping  of  the  well  had  been  completed. 

17.  In  the  soundings  made  in  I966  and  presented  in  Appendix  A,  the 
depths  of  the  wells  were  estimated  by  subtracting  the  initial  elevations 
of  the  bottoms  of  the  wells  from  the  assumed  elevations  of  the  tops  of  the 
baffles.  The  estimated  depths  were  slightly  in  error.  The  corrected  data 
for  1966  soundings  using  1969-70  measurements  are  given  in  table  B3. 

18.  Sounding  data  obtained  in  1969-70  are  shown  in  table  BU.  The 
thickness  of  sediment  in  the  wells  before  pimiping  varied  from  0.33  to 
2.84  ft  except  for  well  16,  which  had  4.20  ft  of  sediment.  Wells  10  and 

19  were  not  sounded  after  pumping  and  cleaning  operations  in  I966,  and  well 
16  had  not  been  previously  sounded.  For  all  other  wells  except  well  17, 
little  or  no  sediment  entered  between  I966  and  I969-70.  At  well  17, 

1.36  ft  of  sediment  accumulated  in  the  bottom  during  this  period. 


Table  B3 


Corrected  1966  Well  Sounding  Data 


1966 


Sediment 

Measured 

Before 

Pumpine 

After 

Pumplne 

in  Well 

Depth  of 

Depth  to 

Sediment 

Depth  to 

Sediment 

in  1957 

Well* 

Sediment 

in  Well 

Sediment 

in  Well 

Well 

ft 

ft 

ft 

ft 

ft 

ft 

1 

0.30 

117.69 

116.48 

1.21 

116.50 

1.19 

2 

0.22 

113.78 

112.18 

1.60 

112.60 

1.18 

3 

0.04 

106.39 

102.37 

4.02 

106.10 

0.29 

4 

0.27 

106.42 

104.83 

1.59 

106.12 

0.30 

5 

0.21 

106.60 

106.10 

0.50 

106.31 

0.29 

6 

0.34 

108.44 

105.54 

2.90 

107.90 

0.54 

7 

0.28 

114.96 

114.44 

0.52 

114.18 

0.78 

8 

0.31 

114.30 

105.21 

9.09 

113.95 

0.35 

9 

0.25 

118.43 

113.45 

4.98 

116.96 

1.47 

10 

0.02 

113.95 

109.25 

4.70 

““ 

-- 

11 

0.06 

113.42 

111.89 

1.53 

112.96 

0.46 

12 

0.20 

113.46 

110.56 

2.90 

112.75 

0.71 

13 

0.20 

117.60 

113.44 

4.16 

116.54 

1.06 

14 

0.27 

130.07 

126.10 

3.97 

129.15 

0.92 

15 

0.18 

141.20 

136.80 

4.40 

139.30 

1.90 

16** 

0.15 

149.45 

-- 

— 

17 

0.42 

168.66 

159.31 

9.35 

167.18 

1.48 

18 

0.46 

168,13 

165.91 

2.22 

167.05 

1.08 

19 

0.18 

167.28 

167.471 

-- 

-- 

-- 

rf 


Si 

■ f 

a; 


i: 


A] 

II 


* Depths  of  wells  as  measured  in  19^9  1970.  i 

Tn  196^^,  an  obstruction  was  found  in  well  l6  at  a depth  of  about  21  ft,  ; 

and  soundings  could  not  be  made. 

t Probable  error  in  sounding.  [ 

I 


Table  BU 

1969-70  Well  Sounding  Data 


Well 

Measured 
Depth  of 
Well,  ft 

10.,) -70 

Data 

Sediment  En- 
tering Well 
Between  I966 
and  1969-70 
ft 

Before  Pumolns 

After 

PumpinK 

Depth  to 
Sediment 
ft 

Sediment 
in  Well 

ft 

Depth  to 
Sediment 
ft 

Sediment 
in  Well 
ft 

1 

117.69 

116.50 

1.19 

117.40 

0.29 

0.00 

2 

113.78 

112.50 

1.28 

113.55 

0.23 

0.10 

3 

106. 

106.06 

0.33 

106.22 

0.17 

0.04 

4 

106.42 

106.05 

0.37 

106.21 

0.21 

0.07 

5 

106.60 

106.27 

0.33 

106.37 

0.23 

0.04 

6 

108.44 

107.85 

0.59 

108.16 

0.28 

0.05 

7 

114.96 

113.78 

1.18 

114.70 

0.26 

0.40 

8 

114.30 

113.90 

0.40 

114.06 

0.24 

0.05 

9 

118.43 

116.73 

1.70 

117.45 

0.98 

0.23 

10 

113.95 

112.46 

1.49 

113.70 

0.25 

-- 

11 

113.42 

112.96 

0.46 

113.05 

0.37 

0.00 

12 

113.46 

112.70 

0.76 

112.96 

0.50 

0.05 

13 

117.60 

116.55 

1.05 

117.21 

0.39 

0.00* 

14 

130.07 

128.79 

1.28 

129.43 

0.64 

0.36 

15 

141.20 

139.29 

1.91 

139.40 

1.80 

0.01 

16 

149.45 

145.25 

4.20 

146.05 

3.40 

17 

168.66 

165.82 

2.84 

166.10 

2.56 

1.36 

18 

168.13 

166.97 

1.16 

167.35 

0.78 

0.08 

19 

167.28 

166.52 

0.76 

166.71 

0.57 

* Sediment  in  well  I3  decreased  by  0.01  ft. 
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19.  Well  l6  had  not  been  pump- tested  prior  to  1970  because  an  ob- 
struction was  found  in  the  well  in  1966  at  a depth  of  about  21  ft.  When 
the  well  was  sounded  with  drill  rods  in  April  1970,  the  obstruction  was  no 
longer  at  that  elevation.  Instead,  an  obstruction  was  found  at  a depth  of 
146  ft.  The  auger  was  able  to  penetrate  through  the  obstruction  and  con- 
tinued to  a depth  of  149.^  ft,  which  was  assumed  to  be  the  bottom  of  the 
well.  From  additional  probing  with  the  diill  rods,  it  appeared  that  there 
was  a considerable  amount  of  wood  debris  in  the  bottom  of  the  well.  Pieces 
of  wood,  some  3 in.  in  diameter  by  l/4  in.  thick  and  some  3/4  by  SA  i’Y 
2-I/2  in.,  were  also  found  at  the  bottom  of  well  17.  It  did  not  appear 
that  the  wood  came  from  the  wood  well  screens  since  this  would  undoubtedly 
have  caused  a considerable  intake  of  sediment.  The  sediment  measured  in 
these  wells  was  not  appreciable. 


Well  Screen  Inspection 

20.  A closed-circuit  television  (TV)  system  was  used  to  examine  the 
well  screens  of  wells  3»  6»  11»  and  15  before  and  after  cleaning  operations 
to  determine  the  nature  of  any  clogging.  The  apparatus  consisted  of  an 
Kastman  International  Borehole  Telescope  FP-400  (Borehole  TV).  The  probe, 
containing  a TV  camera,  was  lowered  into  each  well  on  a cable,  and  pictures 
of  the  well  interior  were  transmitted  to  a TV  screen.  The  TV  screen  was 
photographed  to  provide  a record  of  observations.  Generally,  the  well 
screens  wore  in  good  condition  with  very  little  sand  or  gravel  in  the 
slots.  The  slots  in  well  11  appeared  to  be  about  50  percent  clogged  with 
gravel  or  sand.  Although  cleaning  operations  in  this  well  appreciably  in- 
creased the  specific  yield,  there  was  no  apparent  change  in  the  amount  of 
sand  and  gravel  in  the  slots.  The  TV  camera  revealed  no  evidence  of  chemi- 
cal deposits  on  the  interiors  of  the  well  screens. 


PART  IV:  WELL  PUMPING  AND  GLEANING  OPmTIONS 


21.  Wells  11  through  19  were  pui:;p-tested  and  cleaned  from  10  July  to 
11  August  1969.  During  this  period,  the  Mississippi  River  rose  from  el 
35.7*  to  a maximum  elevation  of  39*2  on  25  July,  then  dropped  to  el  27.2 
on  August  11,  Pumping  and  cleaning  operations  had  to  be  discontinued  on 
11  August  because  the  water  level  in  the  well  was  too  low  to  perrrdt  pump- 
ing. The  remaining  wells  (1  through  10)  were  pump-tested  and  cleaned  from 
2 April  to  17  April  1970,  during  which  time  the  Mississippi  River  stage 
varied  from  el  34.7  to  el  40.5- 


Fxuiiping  and  Cleaning  Operations 


22.  The  wells  were  pump-tested  and  cleaned  consecutively,  starting 
with  well  19  on  the  east  end  of  the  structure.  Equipment  used  for  the 
pumping  and  cleaning  operations  was  essentially  the  same  as  that  described 
in  Appendix  A.  Each  well  was  first  pump-tested  to  determine  its  specific 
yield.  Generally,  this  initial  test  was  conducted  at  three  different  draw- 
downs. The  well  was  then  cleaned  by  five  or  six  cycles  of  surging,  each 
cycle  consisting  of  15  round  trips  with  a surging  block.  The  well  was 
pumped  at  a rate  of  45  gpm  as  it  was  being  surged.  Material  in  the  well 
was  removed  with  a bailer  after  each  surging  cycle.  A second  pumping  test 
was  conducted  on  the  well  after  it  had  been  cleaned.  If  the  second  test 
showed  that  surging  had  significantly  increased  the  specific  yield,  the 
well  was  cleaned  again  with  two  or  three  surging  cycles  and  retested.  All 
operations  were  completed  on  one  well  before  moving  to  the  next  well, 

23 • After  the  above-mentioned  cleaning  and  pumping  operations  had 
been  performed  on  all  wells,  additional  cleaning  operations  were  performed 
on  four  wells  (3,  6,  11,  and  I5)  to  determine  which  of  three  chemical 
treatments  was  most  effective  in  cleaninK  the  well.s.  Also,  well  P was 


All  elevations  (el)  cited  herein 


mean 


piur^jed  continuously  for  8 hr  to  determine  whether  the  well  produced  sand  at 
a rate  greater  than  2 pt/hr  after  8 hr  of  puir^jing. 

Test  Results 


Rimping  tests 

2k.  A summary  of  piui5)ing  test  data  collected  in  I969  and  I970  is 
shown  in  table  B5.  Plots  of  observed  discharge  versus  drawdown  are  shown 
in  plates  B1-B5.  Also  shown  in  the  plots  are  similar  data  for  the  original 
pa-nping  tests  made  in  1957  and  for  the  final  pumping  tests  made  in  I966. 
Fig.  B?  is  a comparison  of  the  computed  specific  yields  from  the  I969-7O 
pumping  tests  with  those  computed  from  previous  pun^iing  tests.  Before  the 
wells  were  cleaned  in  I969-7O,  their  specific  yields  varied  from  0 to 
7-'  percent  of  their  original  specific  yields  and  averaged  about  33  percent. 
After  the  wells  had  been  cleaned,  their  specific  yields  varied  from  I9  to 
Si.  percent  of  their  original  specific  yields  and  averaged  about  50  percent. 
In  1966,  the  specific  yields  of  the  wells  before  they  were  cleaned  aver- 
aged 3^  percent  of  their  original  specific  yields.  After  the  wells  were 
cleaned,  their  specific  yields  averaged  4?  percent  of  their  original 
specific  yields.  It  can  be  noted  then  that  the  average  specific  yield  of 
the  wells  before  they  were  cleaned  in  1969-70  was  about  the  same  as  the 
average  specific  yield  before  they  were  cleaned  in  I966.  Also,  after  the 
wells  were  cleaned  in  1969-70,  their  average  specific  yield  was  only 
slightly  higher  than  it  was  after  the  wells  were  cleaned  in  I966. 

Additional  cleaning 

25.  Special  well  cleaning  operations  were  performed  on  wells  3j  6, 
n,  and  15  to  determine  the  effectiveness  of  three  different  cleaning 
agents.  In  well  3,  30  lb  of  a mildly  alkaline  commercial  detergent  was 
placed  in  the  well.  The  well  was  then  surged  with  one  cycle  and  the  deter- 
gent was  allowed  to  remain  .in  the  well  overnight.  The  next  day,  the  well 
was  surged  with  three  cycles  with  the  surging  block  and  then  pump-tested  to 
determine  its  specific  yield.  The  same  procedure  was  repeated  on  well  11 
using  a household  cleaner,  soditim  bisulfate,  and  on  well  15  using  a strong 
alkaline  detergent,  trisodium  phosphate.  Results  of  the  pumping  tests. 
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Fig.  B2.  Comparison  of  1957,  1966,  and  1969-70  specific  yields 


shovm  in  table  B6,  indicated  that  the  trisod iura  phosphate  apparently  pro- 
duced the  best  results;  therefore,  the  trisodium  phosphate  was  used  to 
clean  well  6 in  order  to  verify  the  results  found  in  well  15.  It  can  be 
seen  in  table  Bt'i  that  cleaning  of  the  wells  with  cleaning  agents  did  not 
significantly  increase  the  specific  yields  of  the  wells. 

Sand  infiltration 

26.  A well  was  considered  stable  when  the  rate  of  sand  infiltration 
into  the  well  was  less  than  2 pt/hr  after  the  well  had  been  pun^jed  contin- 
uously for  8 hr.  All  of  the  wells  except  well  2 indicated  negligible  rates 
of  sand  infiltration  during  final  pu!:iping.  Well  2 showed  a rate  of  sand 
infiltration  of  2.54  pt/hr  for  the  final  pun.ping  test;  therefore,  the  well 
was  pumped  continuously  for  8 lir.  After  1 hr  and  20  irdn  of  continuous 
pamping.  the  measured  rate  of  sand  infiltration  was  1.11  pt/hr.  After  ap- 
proximately 8 hr  of  pumping,  the  rate  of  sand  infil* ration  was  only 
0.2  pt/hr  and  the  well  was  considered  stable. 

Kffectiveness  of  Well  System 

27-  The  only  reliable  method  of  evaluating  the  effectiveness  of  the 
well  system  in  reducing  uplift  pressures  beneath  the  sttoicture  is  to  meas- 
ure piezometric  pressures  in  the  sand  aquifer  beneath  the  structure  when 
the  structure  is  subjected  to  a high  differential  head.  As  the  structure 
has  not  been  subjected  to  any  significant  differential  head  since  its  com- 
pletion, the  significance  of  the  reduction  in  specific  yields  of  the  wells 
•was  determined  indlrec‘ly  on  the  basis  of  the  following  assumptions: 

a.  The  well  system,  as  installed,  was  capable  of  reducing  t.he 
uplift  pressures  to  those  values  confuted  in  design. 

b.  The  reductions  in  specific  yields  of  the  wells  were  due  to 
increases  in  head  loss  through  the  well  filters  and  screens. 

The  average  increase  in  head  loss  of  the  well  system  since  its  installation 
in  1957  was  estimated  f r^m  the  average  specific  yields  in  1957  and  in 
1969-70.  as  shown  in  fig.  B3.  The  increase  in  head  loss  in  the  wells  was 
used  to  compute  t!ie  excess  heads  shown  in  fig.  pJt.  A summary  of  computed 
factors  of  sa^'ety  against  uplift  is  shown  in  table  B7. 


BI9 


Table  B6 

Results  of  Pumping  Tests  After  Additional  Well  Cleaning 


Well 

Cleaning 

Agent 

Specific  Yield,  gpm/ft 

of  Drawdown 

Original 

(1957) 

Before  Cleaning 

(1969-70) 

After  Cleaning 

(1969-70) 

3 

Mild  detergent 

2k 

17 

18 

11 

Sodium  bisulphate 

47 

10 

11 

15 

Trisodium  phosphate 

76 

10 

15 

6 

Trisodium  phosphate 

48 

7 

9 
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-INCREASE  IN 
HEAD  LOSS 


AVC  WELL  DISCHARGE^  CPM 

NOTE  AVC  SPECIFIC  YIELD  OF  WELLS  FROM  1957  PUMPING 
TESTS -SZ. 3 GPM/FT  DRAWDOWN. 

AVC  WELL  EFFICIENCY  FROM  1969-70  PUMPING  TESTS 

o)  33«itOF  1957  SPECIFIC  YIELD  BEFORE  WELLS  CLEANED, 
b)  50«5fcOF  1957  SPECIFIC  YIELD  AFTER  WELLS  CLEANED. 

Fii^.  R3»  Head  losses  due  to  decrease  in 
average  well  efficiency 


Fig.  BU.  Well  efficiency  versus  excess  head 


Original  design 

1966: 

Before  cleaning 
After  cleaning 

1969-70: 

Before  cleaning 
After  cleaning 


Table  B? 

Summary  of  Factors  of  Safet 


Excess  Head,  ft* 
Midway  Edge 


Factor  of  Safety** 
Midway  Edge 


* From  fig.  B4. 

**  Factor  of  safety  _ Effective  overburden  at  top  of  sand  aquifer 
against  uplift  Excess  head  x 

Effective  overburden  at  top  of  sand  aquifer; 


Concrete  slab 

Filter 

Clay 


2.5  ft  X 87.5  pcf  = 219  psf 

1.0  ft  X 62.5  pcf  = 63  psf 

20.0  ft  X U7.5  pcf  = 9^0  psf 

Total  1232  psf 


Excess  head  x > 


B23 


28.  The  computed  factors  of  safety  with  respect  to  uplift  for  the 
1969-70  data  were  about  the  same  as  those  computed  for  1966.  Before  the 
wells  were  cleaned  in  1969-7O,  the  factors  of  safety  midway  between  the 
wells  and  at  the  ends  of  the  structure  were  2.2  and  1.9,  respectively; 
these  values  are  still  greater  than  the  minimum  factor  of  safety  of  1.5 
required  in  design.  After  the  wells  were  cleaned,  the  factors  of  safety 
were  2.9  and  2.U.  The  factors  of  safety  are  thus  considerably  reduced  from 
the  values  of  4.8  and  3*3  computed  for  the  wells  when  they  were  installed. 
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PART  V:  DISCUSSION 


29.  The  results  of  the  I966  and  1969-70  pumping  tests  indicated  that 
all  of  the  relief  wells  have  experienced  significant  reductions  in  specific 
yields  since  their  installation.  Ebcamination  of  four  of  the  well  screens 
with  the  TV  borehole  camera  indicated  no  significant  incrustation  or  clog- 
ging of  the  slots  by  filter  material,  with  the  exception  of  well  11. 

30.  Three  different  cleaning  agents  used  in  attengjts  to  restore  well 
efficiency  in  selected  wells  were  ineffective.  Trisodium  phosphate  treat- 
ments were  only  slightly  more  effective  than  the  other  two  treatments.  In 
the  past,  phosphates  have  been  used  to  disperse  iron  hydroxide,  iron  oxide, 
and  manganese  hydroxide.  The  slight  improvement  in  efficiency  with  the  use 
of  trisodium  phosphate  might  suggest  that  reduction  in  efficiency  is  re- 
lated to  iron  content  in  the  well  water.  However,  a firm  conclusion  cannot 
be  made  on  this  basis;  therefore,  it  is  important  that  the  incrustating 
material  be  identified. 

31.  The  three  major  causes  of  well  incrustation  are  listed  as  fol- 
lows in  order  of  frequency  of  occurrence:*  (a)  incrustation  from  precipi- 
tation of  carbonates  of  calcium  and  magnesium  or  their  sulfates;  (b)  in- 
crustation from  precipitation  of  iron  and  manganese  compounds  (primarily 
their  hydroxides  or  hydrated  oxides);  (c)  stoppage  due  to  slime  produced  by 
iron  bacteria  or  other  slime- forming  organisms.  Treatments  have  been  de- 
veloped for  each  of  the  three  types  of  incrustations  described  and  are  used 
in  present  practice.  Incrustation  from  calcium  and  magnesium  carbonate 
that  has  cemented  the  gravel  filter  particles  can  be  readily  removed  by  the 
use  of  muriatic  acid  (hydrochloric,  27.9?  percent  acid).  However,  the  acid 
will  attack  galvanized  wire  bound  around  the  wood  stave  well  screens.  Iron 
oxides  can  be  removed  by  treatments  using  polyphosphates  and  by  surging  the 
wells.  A small  amount  of  calcium  hypochlorite  should  be  used  with  the  poly- 
phosphate treatments  to  kill  iron  bacteria  that  may  be  present.  Chlorine 
treatment  of  wells  has  been  proven  effective  where  clogging  is  caused  by 
bacterial  growths  or  slime. 

* Ground  Water  and  Wells,  1st  Ed,  Edward  E.  Johnson,  Inc.,  St.  Paul,  _ ^ 

Minnesota,  1166.  I | 
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32.  Chlorine  may  cause  deterioration  of  the  wood  well  screens  in 
that  the  chemical  destroys  the  lignin  in  the  wood,  resulting  in  a reduction 
in  its  structural  strength.  Other  chemical  treatments  for  incrustation  in 
wells  are  presently  commercially  available.  Although  treatments  have  been 
established  for  various  incrustants,  the  problem  arises  in  the  isolation  of 
the  incrustant  or  incrustants  and  utilizing  the  proper  treatments  to  most 
effectively  restore  well  yields. 

33 • The  laboratory  analyses  in  1966  and  19^9  on  well  water  samples 
indicated  that  the  well  water  is  high  in  carbonate  hardness  and  dissolved 
iron  content.  The  high  iron  content  of  the  well  water  is  conducive  to  the 
growth  of  iron  bacteria  in  the  wells,  although  biological  analyses  were  not 
made  to  substantiate  existence  of  iron  bacteria.  Therefore,  it  is  quite 
possible  that  conditions  in  the  wells  are  favorable  for  formation  of  all 
three  types  of  incrustations. 

3^.  Generally,  the  material  causing  the  clogging  will  be  a mixture 
of  several  things,  never  a single  substance.*  The  relative  proportions  of 
the  various  substances  shown  by  chemical  analyses  of  a sample  of  the  in- 
crustating  materials  would  indicate  the  kind  of  treatment  that  would  be 
effective  in  restoring  well  efficiencies.  It  is  impractical  to  sample  the 
gravel  filters  of  these  wells  to  investigate  clogging  materials.  However, 
it  would  be  a relatively  simple  operation  to  place  samples  of  the  filter 
materials  in  nylon  bags  at  selected  depths  inside  several  of  the  wells  for 
approximately  one  year . These  samples  could  then  be  removed  and  subjected 
to  chemical  and  biological  analyses.  If  incrustating  agents  were  found, 
then  an  effective  treatment  for  restoring  well  yields  could  be  developed. 


» "The  Corrosion  and  Incrustation  of  Well  Screens,"  Bulletin  No.  83U, 
September  1955,  Edward  E.  Johnson,  Inc.,  St.  Paul,  Minnesota. 
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PART  VI:  CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions 


35-  Ori  the  basis  of  the  tests  and  analyses  presented  herein,  the 
following  conclusions  appear  warranted: 

a.  The  overall  efficiency  of  the  relief  well  system  before 
cleaning  in  I969  and  I97O  was  about  the  same  as  it  was  be- 
fore cleaning  in  I966.  The  factor  of  safety  with  respect 
to  uplift  before  cleaning  in  1969-70  was  1.9.  Pumping  and 
surging  were  only  partially  effective  in  restoring  the  well 
efficiencies.  The  average  factor  of  safety  is  still  well 
above  the  minimum  design  criterion  of  1.5;  however,  because 
of  the  substantial  reduction  in  specific  yields  of  numerous 
wells  and  the  extre.mely  low  yields  in  several  wells,  it  is 
important  that  means  be  developed  to  restore  well  efficien- 
cies or  at  least,  that  measures  be  developed  to  prevent  fur- 
ther reductions  that  might  impair  the  structure. 

b.  The  TV  borehole  camera  revealed  that  the  well  screens  were 
in  excellent  condition,  with  very  little  mechanical  or  chem 
ical  clogging  of  slots. 

c.  Analyses  of  water  samples  indicated  that  conditions  are  fa- 
vorable for  incrustations  to  form.  The  decrease  in  effi- 
ciency of  the  wells  may  be  the  result  of  precipitation  of 
iron  compounds,  calcium  carbonate,  and  similar  incrustating 
materials  or  the  result  of  jellylike  slime  from  iron  bac- 
teria growth  in  the  gravel  filters.  The  nature  of  incrus- 
tations needs  to  be  identified  in  order  that  appropriate 
cleaning  agents  can  be  determined. 

d.  All  wells  are  considered  stable  in  that  sand  infiltration 
during  pu-mping  was  less  than  2 pt/hr. 


Re  c omme  n lat ions 


3^.  The  follcafing  recommendations  are  made  based  on  the  analysis  of 
lata  presented  herein: 

a.  To  provide  information  on  well  incrustants  and  growths,  it 
is  recOTonended  that  samples  of  the  gravel  filter  be  sus- 
pended at  selected  depths  inside  several  of  the  wells  for 
approximately  one  year.  The  gravel  samples  would  then  be 
removed  and  subjected  to  laboratory  analyses  to  determine 
the  nature  of  incrustants.  This  procedure  is  simple,  in- 
expensive, and  promising.  Therefore,  Immediate  implemen- 
tation is  recommended. 


b.  Well  pumping  tests  and  cleaning  operations  should  continue 
~ for  all  wells  at  2-yr  intervals  until  improved  well  treat- 
ment techniques  are  developed  and  an  appropriate  maintenance 
program  can  be  recommended. 

c.  In  1972,  wells  6,  8,  11,  and  15  should  be  subjected  to  pump- 
ing tests  and  well  cleaning  operations  using  chemical  and 
biocide  treatments.  Appropriate  well  treatments  should  be 
ascertained  pending  identification  of  the  natiire  of  incrus- 
tations by  chemical  and  biological  analysis  of  the  gravel 
samples  mentioned  in  recommendation  a.  above. 


The  effectiveness  of  each  type  of  treatment  should  be  evaluated,  and  the 
most  promising  treatment  and  technique  should  be  developed  for  use  in  a 
well  maintenance  program  for  all  the  relief  wells. 
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This  appendix  is  the  second  in  a series  presenting  the  results  of  testa  perfomed  at  inter/als  of  several 
y**ars  on  the  relief  w^lls  at  the  v/erbank  stru'-ture,  Old  River  Control*  near  Natchez,  Miss.  The 
testJ  ref  or*  .‘d  herein  were  rc‘r.*ortB*‘d  in  l')69  and  1970  by  the  U.  S.  Arm:/  Engineer  Waterways  Experiment  Sta- 
tlc'n  (WE*)  and  IncludM  well  pumping  tests,  anal:/si8  of  v**!!  water  samples,  inspection  of  veil  screens  with 
a borehole  TV  'amera.  a;.J  well  s*.mnding  and  cleaning  -'peratlons.  These  tests  were  conducted  to  detemine 
the  Jrcr»*ase  In  »'fficlency  of  the  iclirf  wells  since  the  latest  pxjmping  tests  were  conducted  (19^6)  and 
ilnce  Installation  T the  w»»lls  in  39^7.  Renovation  attempts  on  four  of  the  wells  using  chemical  treatments 
and  surwir.g  w»»r»  not  eff*ctive.  A borehole  TV  camera  wa.j  used  to  inspect  several  of  the  well  screens  prior 
l’  ar^J  af*er  tumping  and  cleaning  operations.  Generali^,  the  well  screens  appeared  to  be  in  excellent  con- 
dition bef 'r-  faaBping  and  cleaning,  Very  little  sand  or  gravel  was  found  in  the  slots  of  the  screens  except 
in  well  11*  w^.e^e  the  *cr-en  was  about  ^ percent  clogged  with  filter  material.  There  were  no  noticeable 
••.-■leal  or  llk'l'^lcal  leposits  on  the  interiors  of  the  screens.  Chemical  analyses  of  the  water  .samples  in- 
li'at^-l  *hat  conditions  ar**  favorable  for  the  buildup  of  incrustation  in  the  wells.  Also,  it  is  quite  r-js- 
•Itle  t^At  iron  bacteria  -xlst  In  the  wells,  as  all  the  water  samples  contained  relatively  large  amounts  of 
Ir-r.  Al*h<.aigh  *Iv*  wa*er  In  the  veils  is  aooevliat  corrosive,  this  condition  is  not  considered  an  adverse 
fa**'  r r r the  wocxlen  well  screens.  Initial  19^-9-70  pjoplng  testa  on  the  wells  indicated  an  average  spe- 
•Iflc  yield  of  33  prreent  of  the  -original  yield.  After  cleaning  by  surging,  the  specific  yield  increased  to 
ar.  average  of  'C  p»*rc»n*  of  the  original  yield.  The  rate  of  sand  infiltration  during  pumping  was  insignifl- 
•ar.*.  The  erfectlveT>e»s  of  the  relief  well  ■y*t'*ra  In  reducing  uplift  pressures  was  ccoputed  using  factors 
if  safety  with  respect  to  uplift  and  taking  into  acccnint  the  measured  head  loss  through  well  filters  and 
iTeen*.  The  computed  ''actor  of  safety  was  1.9  before  cleaning  and  after  cleaning.  These  values  ore 

at .lyt  the  same  as  thos^  caijaited  after  the  wells  were  cleaned  in  19^^«  In  the  original  design,  the  computed 
fact- r of  safety  at  the  endM  of  the  w»*ll  systen  was  3«3«  Initially,  »/ES  reviewed  the  soils  and  foundation 
letlgn  stuHei  for  the  owertan)'  structure  and  evaluated  observations  made  during  and  after  construction. 

The  review  was  published  In  the  ta.iie  report,  wnlch  contains  a detailed  description  of  the  structure, 
f aindatioTi  conditions,  and  relief  well  system. 
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